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Abstract
Geological field study of alkaline plutons in Tamil Nadu and Andhra Pradesh was accomplished during December
1997 to January 1998, supported by the Monbusho Fund of the Japanese Government. The main purpose of the study
was to elucidate the petrogenesis and sources of these alkaline plutons using geochronological, geochemical and
mineralogical studies. For this purpose, several alkaline plutons were selected for field survey and collecting rock
specimens. The Yelagiri, Sevattur, Samalpatti, Pikkili, Torappadi, Pakkanadu and Sivamalai plutons in Tamil Nadu
and the Elchuru, Settupalle, Purimetla and Uppalapadu plutons, the Boggulakonda and Pasupugallu gabbro bodies and
the Chintalacheruvu carbonatite outcrop in Andhra Pradesh were surveyed. In this survey, several geologically inter-
esting features were observed. Almost all alkaline plutons surveyed in this study are considered to keep initial signa-
tures of intrusive plutons. In the Tamil Nadu, the majority of the alkaline plutons are silica-saturated and oversatu-
rated. On the other hand, the Andhra Pradesh plutons are silica-undersaturated. This difference probably reflects some
petrogenetic and tectonic differences between these plutons.
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Introduction
In the southern part of Peninsular India, which consti-
tutes a part of East Gondwana, there are several alkaline plu-
tons having Proterozoic ages. In the late Proterozoic, large
areas of the Gondwana super-continent suffered the effects
of the Pan-African orogeny (Rajesh et aI., 1996). Thus, the
petrogenetic relationships between alkaline plutons and the
Pan-African orogeny assume significance and constitute a
theme warranting detailed characterization. Some of the al-
kaline plutons are accompanied by carbonatites and form
carbonatite complexes, implying that volatile elements like
CO2 might have played an important role in the genesis of
these rocks (Rajesh and Santosh, (996).
More than 40 alkaline plutons occur in eastern and south-
ern Peninsular India (Ratnakar and Leelanandam, 1989).
These plutons intrude the South Indian high-grade granulite
terrain as well as the Eastern Ghats granulite belt (Fig. I). In
this study, we selected several alkaline plutons from the states
of Tamil Nadu and Andhra Pradesh for future geochronologi-
cal, geochemical and mineralogical studies. This paper de-
scribes observations made during the field study so that fu-
ture laboratory studies may be facilitated. Preliminary
geochemical and geochronological results are given by
Miyazaki et al.(1997 and in prep.).
The field survey was carried out from December 14,
1997, to January 16, 1998. Seven alkaline plutons (Yelagiri,
Sevattur, Samalpatti, Pikkili, Torappadi, Pakkanadu and
Sivamalai) in Tamil Nadu were surveyed by Miyazaki, Ram
Mohan, Rajasekaran and Kalaiselvan (Fig. I). Four alkaline
plutons (Elchuru, Settupalle, Purimetla and Uppalapadu), two
gabbro bodies (Boggulakonda and Pasupugallu) and one
carbonatite outcrop (Chintalacheruvu) in Andhra Pradesh were
surveyed by Miyazaki and Srinivasa Rao (Fig. I). Some rock
samples of an alkaline pluton in Andhra Pradesh
(Vinayakapuram, not shown on the map) were provided by
A. 1'. Rao.
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Fig. I Locality map of field survey in southern and eastern Peninsular India (modified from Rajesh et aI., 1996 and Ratnakar and
Leelanandam, 1989). Upper left shows the generalized geology of South India (modified from Yoshida, 1995). AC, Achankovil
shear zone; BH, Bhavani shear zone: MO, Moyar shear zone; PC, Palghat-Cauvery shear zone.
Alkaline plutons in Tamil Nadu
A large number of syenite, pyroxenite and carbonatite
occurrences have been reported (Udas and Krishnamurthy,
1970, Borodin et aI., 1971, Krishnamurthy, 1977,
Subramanian et aI., 1978, Viladkar and Subramanian, 1995,
etc.) from the northern part of Tamil Nadu. These complexes
are located along a major northeasterly lineament (Grady,
1971) and emplaced within a predominantly gneissic terrain
(Fig. 1). A preliminary survey of the Yelagiri, Sevattur and
Samalpatti alkaline plutons (Loc. 1,2 and 3, Fig. 1) was car-
ried out by Miyazaki, Ram Mohan and Rajasekaran in 1996.
The Yelagiri and Sevattur plutons (Loc. I and 2, Fig. I)
intrude into Archean epidote-hornblende gneiss, along a NE-
SW fault system. The Yelagiri pluton is an elliptical body of
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about 20X 12 km2 extent and is elongated NE to SW. This is
the largest syenite body in the major northeast lineament
(GradY,1971). However, geological information on this plu-
ton is not sufficient. Most of the Yelagiri pluton forms a hill
known as a Yelagiri hill. The Yelagiri pluton consists mainly
of syenite with minor pyroxenite. Scattered outcrops of py-
roxenite around the west, south and east sides of the Yelagiri
hill indicate the probability of an outer zone of pyroxenite
occurring around the syenite, as in the zoned bodies of the
Sevattur and Samalpatti plutons (Grady, 1971). The Sevattur
pluton is located 10 km southwest of the Yelagiri pluton. This
pluton has an oval form, elongated N-S and is about 12 X 5
km2 in extent. It consists mainly of syenite with minor py-
roxenite and carbonatite. In the northern part of this pluton,
carbonatite occurs as arcuate bodies bounding a large syenite
stock, with inward dips, suggesting a cone-like aspect in three
dimensions. Similarly, arcuate outcrops of pyroxenite occur
outside the carbonatite (Udas and Krishnamurthy, 1970;
Krishnamurthy, 1977; Viladkar and Subramanian, 1995;
Kumar et al., 1998). Syenites of both these plutons are coarse
to medium grained, hypidiomorphic rocks. Porphyritic tex-
tures, with K-feldspar tablets, are occasionally observed in
some syenites (Fig. 2a). The syenites are melanocratic to
leucocratic through mesocratic. The constituent minerals of
these syenites are mainly K-feldspar (microcline or perthite),
plagioclase, clinopyroxene, hornblende, sphene and quartz.
Magnetite, apatite and zircon are the common accessory min-
erals. Pyroxenites of the Yelagiri and Sevattur plutons occur
as small outcrops or xenolithic blocks and bands in the syen-
ite (Fig. 2b) and consist mainly of clinopyroxene with minor
hornblende, magnetite and apatite. Network dikes of
carbonatite intruding into the pyroxenite are observed in the
northern part of the Sevattur pluton (Fig. 2c). At the contact
with the carbonatite, the pyroxenite is fenitized, with the for-
mation of biotite. Carbonatites of the Sevattur pluton are
mainly calcitic and dolomitic carbonatite. Detailed mineral-
ogy of the Sevattur carbonatite was described by Viladkar
and Subramanian (1995). The Rb-Sr whole-rock isochron
age of the Yelagiri syenites shows 773±36 Ma (Miyazaki et
al., in prep.). This age is consistent with the age of the Sevattur
syenite (767±8Ma)(Kumar et al., 1998). The Yelagiri syeni-
tes show no evidence of metamorphism. Thus, the Rb-Sr
whole-rock isochron age of the Yelagiri syenites indicates that
the emplacement of the Yelagiri pluton was contemporane-
ous with the Sevattur pluton. Detailed petrological studies
will show a petrogenetical relationship between these plu-
tons.
The Samalpatti pluton (Loc. 3, Fig. 1), situated south-
west of the Sevattur pluton, has overall dimensions of about
15 X 10 km 2 • This pluton consists of syenite, pyroxenite,
dunite, shonkinite (alkali gabbro) and carbonatite. These rocks
are emplaced discordantly within the epidote-hornblende
gneiss, along a NE-SW trending fault system. Syenite is situ-
ated in the center part of this pluton and pyroxenite forms a
continuous ring around syenite. The pyroxenite has inward
dips, suggesting a cone-like aspect. Carbonatites occur as
thin and thick lenses mainly in pyroxenite and rarely in syen-
ite. Primary foliation is prevalent in the porphyritic syenite
and in some spots in carbonatite. However, secondary folia-
tion is not seen in this pluton. Detailed description of the
Samalpatti pluton was given by Subramanian et al.(1978).
At Kanjanur (southwestern part of Samalpatti pluton), dunite
occurs making a small hill. It is highly weathered and
serpentinized. However, relatively fresh dunite can be seen
in well cuttings near Kanjanur, where shonkinite enclaves
are found in dunite (Fig. 3a). Syenites were observed in the
Salamarattuppatti area (central part of the Samalpatti pluton),
and are medium to fine grained and melanocratic to
leucocratic. The melanocratic types contain euhedral mafic
minerals (aegirine?). The size of mafic minerals varies from
several millimeters to 3 or 4 centimeters. On the other hand,
Ieucocratic types contain garnet. Carbonatites were observed
mainly at Garigapalli, Onnakarai and Jogipatti. These
carbonatites intrude into pyroxenites and have xenoliths of
pyroxenite (Fig. 3b). The carbonatite varies from calcitic
carbonatite at Garigapalli to ankeritic carbonatite at Onnakarai
and Jogipatti. Moralev et al. (1975) reported a K-Ar age
(700±30 Ma) of phlogopite from this carbonatite.
Carbonatites with compositional bands and folds are observed
at the Garigapalli. Patches and veins of yellow-green silicate
rocks are observed within carbonatites of this area. Detailed
mineralogy of the Samalpatti carbonatite was described by
Viladkar and Subramanian (1995). At the western area of the
Onnakarai body, network veins of carbonatite, 2 or 3 cm thick,
intrude into pyroxenite. The pyroxenite is fenitized, with the
formation of riebeckite.
The Pikkili pluton (Loc. 4, Fig. 1) is situated 35 km west
of the Samalpatti pluton and consists of ijolite, nepheline sy-
enite, syenite, alkaline lamprophyre (camptonite) and doler-
ite dykes. These rocks are intruded into amphibolites, granu-
lites and charnockites (Navaneethakrishnan and
Chandrasekaran, 1994; Kumar et al., 1998). Detailed geo-
logical information of this pluton is not sufficient. Kumar et
al. (1998) reported Sm-Nd and Rb-Sr whole-rock isochron
ages of 2340±130 Ma and 2376±36 Ma, respectively, for the
syenite. Kumar et al. (1998) also reported a Sm-Nd whole-
rock isochron age of 2436±154 Ma from the Hogenakal plu-
ton, situated southwest of the Pikkili pluton. In spite of pet-
rological characteristics similar to other alkaline plutons in
South India, these ages are much older than the ages of the
other alkaline plutons in South India. Most of the Pikkili
pluton forms a hill known as the Pikkili hill, elongated about
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Fig. 2 a. Syenite with tablets of K-feldspar in the
Sevattur pluton (near Karappattu).
b. Pyroxenite xenolith in the Yelagiri sy-
enite, with a sharp contact and a smooth
outline (central area ofYelagiri bills).
c. Network dikes of carbonatites of the
Sevattur pluton intruding the pyroxen-
ite (Koratti quarry, Sevattur pluton). The
width of carbonatite dikes varies from
several centimeters to 30 or 40 centime-
ters.
ab
c
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Fig. 3 a. Shonkinite (alkali gabbro) xenolith in
the Samalpatti dunite, with diameters
of 20-30 centimeters (well cutting near
Kanjanur).
b. Pyroxenite xenoliths in the Samalpatti
carbonatite, with a sharp contact (near
Onnakarai).
c. Agmatitic features of the Pikkili plu-
ton due to the invasion of coarse-
grained reddish felsic rocks (syenite?)
into mafic rocks (near Erranahalli, the
Pikkili pluton).
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Fig. 4 a. Compositional layering of mafic rich
(biotite) and felsic rich (nepheline) lay-
ers of the Sivamalai pluton (west side
of the Sivamalai hill). \
b. Fine-grained mafic dike intruded into
coarse-grained nepheline syenite in the
Elchuru pluton (Peddakonda).
c
c. Coarse-grained syenites veins intrusive
into mafic rocks in the Settupalle plu-
ton (near Settupalle).
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20 km, NNE to SSw. Field survey was carried out at the east
and west sides of the Pikkili hill and the northern part of the
Pikkili pluton (near Palakkodu). At Malavur, on the east side
of the Pikkili hill, melanocratic and reddish felsic rocks (sy-
enite?) and mafic rocks are observed. Tight and gentle folds
of banded melanocratic and reddish felsic rocks occur spo-
radically within the mass. Melanocratic rocks are invaded
by reddish felsic rocks. Mafic rocks, which occur as blocks
or flakes, are invaded by melanocratic and reddish felsic rocks.
Agmatitic features are observed at the northeast tip of the
Pikkili hill (near Erranahalli), where coarse-grained reddish
felsic rocks (syenite?) invade mafic rocks (Fig. 3c).
The Torappadi pluton (Loc. 5, Fig. I) is a south-dipping
layered intrusion consisting of pyroxenite, gabbro, anorthosite
and syenite (Grady, 1971). Geological information of this
pluton is scarce. Fieldwork was carried out on the west side
ofTorappadi hill, near Torappadi village. Fresh, layered gab-
bro crops out here.
The Pakkanadu pluton (Loc. 6, Fig. I) is distributed in an
area of about 30 X 15 km2, about 60 km southwest of the
Samalpatti pluton. It consists mainly of syenite, associated
with dunite, ijolite, pyroxenite and carbonatite. The pluton is
intruded into charnockites, gneisses and granulites. NE-SW
striking, southeasterly dipping migmatite, which is thought
to be pretectonic, encompasses this pluton. Syenite and py-
roxenite of the pluton have foliation generally parallel to the
migmatite (Suryanarayana Rao et aI., 1978; Sukumaran and
Ramanathan, 1996). Good exposures are rare because of
weathering. However, fresh calcitic carbonatites, with apa-
tite, phlogopite and magnetite, were observed at Panangattur
and Mulakkadu. At Panangattur, lensoidal and banded bod-
ies of carbonatite are observed in a folded pyroxenite. The
carbonatite consists mainly of calcite, with apatite, phlogo-
pite and magnetite. A large magnetite crystal with a diameter
of about 8 cm, is observed in carbonatite. Folded bands of
leucocratic syenite, about 30 cm thick, occur conformably in
folded pyroxenite. At Mulakkadu, carbonatite with apatite,
phlogopite and large crystals of magnetite occurs in pyrox-
enite. At the contact with the carbonatite, the pyroxenite is
fenitized, with the formation of large biotite crystals. The
pyroxenite associated with carbonatite is encompassed by
leucocratic syenite. Some leucocratic syenites show pegma-
titic features and contain garnet with diameters of 2 or 3 cm.
The Sivamalai pluton (Loc. 7, Fig. I) lies well within
the Palghat-Cauvery shear zone. The pluton consists mainly
of nepheline syenite, syenite and ferrosyenite. This oval-
shaped complex has an area of about 5 X 3 km2, with a
tongue-shaped projection about 5 km long, to the west (Hol-
land, 1901; Subramanian, 1949; Bose, 1968,1971; Bhaskar
Rao, 1982; Leelanandam, 1993; Subba Rao et aI., 1994;
Ratnakar et aI., 1996; Ratnakar and Leelanandam, 1998). The
high-grade supracrustal rocks, gneisses and granulites in
which the Sivamalai pluton is emplaced are intensely folded
and sheared. However, the members of the pluton are free
from effects of shearing, and hence, Subba Rao et al. (1994)
emphasized that the Sivamalai pI uton postdated the latest shear
movement. In addition, they reported on Rb-Sr whole-rock
isochron age of 623±21 Ma for the Sivamalai pluton. At
Sivamalai hill, biotite syenite, biotite nepheline syenite and
nepheline syenite were observed. The proportion of biotite
and nepheline varies from place to place. A patch of coarse-
grained nepheline syenite, which size is about 50 X 100 cm
is included in fine-grained, biotite syenite. The contact of
this patch is identified by margin of fine mafic minerals. Some
biotite syenites have foliation, which is identified by small
blebs of biotite-rich portions. Compositional layering of bi-
otite-rich and felsic-rich layers was observed (Fig. 4a).
Ferrosyenite (hypersthene syenite) is exposed east of
Sivamalai hill. At Kandampalaiyam (the most western part
of Sivamalai pluton), garnet with diameters of 2-3 cm were
observed in the syenite. About 2 km east of Sivamalai hill,
well-developed pegmatitic syenite dykes, which have widths
from 0.5 to I m, crosscut the syenites.
Alkaline plutons in Andhra Pradesh
Elchuru, Settupalle, Purimetla and Uppalapadu alkaline
plutons (Loc. 8, 9, 10 and 11, Fig. I) occur east of the eastern
margin of the Proterozoic intracratonic Cuddapah Basin
(Leelanandam, 1981; Prasad Rao et aI., 1988). These pI u-
tons form a part of the "Prakasam alkaline province"
(Leelanandam,1981).
The Elchuru pluton (Loc. 8, Fig. I) consists of four, oval-
shaped hills (Karumanchikonda, Peddakonda, Malakonda and
the hill with no name) making a crescentic form of about 16
km2 area, and comprising a suite of alkaline plutonic rocks,
varying in composition from ultrabasic to felsic (nepheline
syenite). This pluton is surrounded by charnockites and cordi-
erite gneisses (Khondalites) in the east, gabbroic rocks in the
south, and quartz-feldspathic gneisses and schists (Dharwars)
in the north and west (Madhavan et aI., 1989). Although in-
variably concealed under soil cover, the contacts between the
surrounding country rocks and the alkaline body are inferred
to be fairly sharp (Madhavan and Leelanandam, 1977). The
field survey was carried out on the Karumanchikonda and
the Peddakonda bodies. On the western side of the
Karumanchikonda, banded schists with tight folds are ob-
served at the foot of the hill. These schists consists of biotite-
rich and quartz- and feldspar-rich, thin layers ( - 2 cm). On
the other hand, fine-grained massive syenites are observed in
the upper part of this hill. At the south slope of Peddakonda,
the syenite is a medium- to coarse-grained nepheline syenite.
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The nepheline syenites are melanocratic to leucocratic through
mesocratic. In some coarse-grained syenites, aggregates of
mafic minerals are scattered in randomly. Foliation, which is
identified by mafic bands and streaks, is observed in some
nepheline syenites. Madhavan et al. (1989) reported that the
prevalent trend of foliation is NE-SW. This trend is gener-
ally parallel to the foliation of the host rocks (Madhavan et
aI., 1989; Subba Rao et aI., 1989). Fine-grained mafic dikes,
which vary in width from a few centimeters to one meter,
traverse this syenite body (Fig. 4b). The Rb-Sr isochron age
of the Elchuru pluton is 1242 ± 33 Ma (Subba Rao et aI.,
1989).
The Settupalle pluton (Loc. 9, Fig. I) is a suboval-shaped
pluton of about 40 km2 area. It consists predominantly of
quartz syenite (25 km2), a subordinate amount of hornblende
syenite (10 km2) and fayalite (±quartz) syenite (5 km2) and a
minor amount of nepheline syenite (100 X 10 meters). The
northern half of this pluton is occupied by quartz syenite, and
the southern part is composed predominantly of hornblende
syenite. The ferrosyenites (fayalite ± quartz syenites) occur
in the southern marginal portion of the complex. The alka-
line rocks of the complex are associated with older gabbros
along the western, eastern and southwestern portions. The
pluton intrudes into Precambrian amphibolite and granite
gneiss (Leelanandam et aI., 1989). In this survey, only two
exposures (Settupalle and Gokanakonda) were visited, be-
cause of the difficulty of finding exposures. At Settupalle,
leucocratic pegmatitic syenite and mafic rock (pyroxenite?)
are observed in the central part of this pi uton. This syenite
invades mafic rock (Fig. 4c). At Gokanakonda, massive
mesocratic syenites forming a small hill, are observed in the
southern part of this pluton.
The Purimetla pluton (Loc. 10, Fig. I) and the
Uppalapadu pluton (Loc. II, Fig. I) intrude into Precambrian
granitic gneiss. The Purimetla pluton consists mainly of
nepheline syenite and tholeitic gabbro, with minor syenite
and malignite. The Uppalapadu pluton consists mainly of
nepheline syenite and syenite, with ferro syenite and quartz
syenite (Lcelanandam and Ratnakar, 1983; Ratnakar and
Leelanandam, 1986; Leelanandam and Krishna Reddy, 1981).
The field survey was carried out in the southwestern area of
the Purimetla village. Leucocratic to mesocratic syenites,
gabbroic rocks and fine-grained mafic dikes were observed
in this area. Some mesocratic syenites have mafic rich bands.
In the Uppalapadu pluton, the field survey was carried out at
southern part of the pluton. Melanocratic to mesocratic sy-
enites with blocks of mafic rocks were observed at the
Uppalapadu village. Granitic gneisses and mafic rocks were
observed along the road from Uppalapadu village to
Chimakurti village. Foliation and minor folds with wave-
lengths of 2-3 cm are observed in this granitic gneiss.
Other miscellaneous observations include the
Boggulakonda and Pasupugallu gabbro bodies (near Loc. 9
and 10, Fig. I) and the Chintalacheruvu carbonatite outcrop
(Loc. 12, Fig. 1). The Chintalacheruvu carbonatite was re-
ported on recently by Bhaskar and Thimmaiah (1997). The
C and 0 isotope ratios of calcites from this carbonatite are as
follows. The d 13C values are -8.0 %0 and -8.4 %0, d 180
values are 15.3 %0 and 13.9 %0, respectively (Miyazaki et aI.,
in prep.).
Summary and Concluding Remarks
The field studies in Tamil Nadu and Andhra Pradesh were
successfully completed. Several alkaline plutons and some
miscellaneous outcrops were visited and observed.
Although some alkaline plutons are not well surveyed
because of the difficulty of finding good exposures, almost
all the constituent rocks of the surveyed plutons do not show
strong deformation and metamorphism such as observed in
the country rocks. Hence, almost all the alkaline plutons sur-
veyed are considered to keep the initial signatures of intru-
sive plutons. The emplacement ages of some alkaline plu-
tons indicate Archean to Proterozoic activity of these plu-
tons. The detailed determination of their emplacement ages
is important in considering not only the alkaline magmatism
but also the deformation and metamorphic history of the coun-
try rocks, especially in relation to the Pan-African orogeny.
From a petrological point of view, alkaline plutons are di-
vided into silica-undersaturated, silica-saturated and silica-
oversaturated pI utons (Ratnakar and Leelanandam, 1989).
Most alkaline plutons in Andhra Pradesh are silica-undersatu-
rated plutons. On the other hand those in Tamil Nadu are
silica-saturated and silica-oversaturated plutons. These dif-
ferences probably reflect their petrogenetic and tectonic dif-
ferences, and only detailed geochemical and mineralogical
studies will reveal the truth..
Rock specimens collected during the survey are now be-
ing prepared for geochronological, geochemical and miner-
alogical studies in order to el ucidate the petrogenesis and
source of these plutons, as well as the tectonic environment.
Geochemical study of the Yelagiri and Sevattur plutons
is indicating the existence of alkali metal and LREE-enriched
mantle and some lower crustal effects on the petrogenesis of
these plutons (Miyazaki et aI., in prep.). Quantification of
the upper-mantle and lower crust effects on alkaline plutons
is important for clarifying their petrogenesis. Further labora-
tory work considering this problem is proceeding.
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